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WKHIUDPHZRUNZDVDFFRPSOLVKHGE\REVHUYLQJKRZZHOOWKHIUDPHZRUNZDVLQDSSO\LQJELJGDWDDQDO\WLFVWKURXJKRXW
WKHGHFLVLRQPDNLQJSURFHVVLQRUGHUWRVXSSRUWPDNLQJDPRUHLQVLJKWIXOGHFLVLRQ$GGLWLRQDOO\WKHVPRRWKQHVVRI
WKHSURFHVVDQGWKHDSSOLFDELOLW\RIWKHIUDPHZRUNLQWKHGLIIHUHQWVFHQDULRVZHUHREVHUYHG$VDUHVXOWZHLWHUDWHG
EDFNWR WKHIUDPHZRUNGHVLJQDQGGHYHORSPHQWSKDVHLQRUGHU WRLQFRUSRUDWH WKHPRGLILFDWLRQVUHVXOWLQJIURPWKH
H[SHULPHQWVLQWRWKHILQDO%'$'IUDPHZRUN7KHSURFHVVLVHODERUDWHGDQGFRPPXQLFDWHGLQGHWDLOEHORZ
3.1. Framework Development 
7KH%'$'RUWKH³%LJ±'DWD$QDO\WLFVDQG'HFLVLRQV´IUDPHZRUNZDVGHYHORSHGLQRUGHUWRPDSELJGDWD
WRROVDUFKLWHFWXUHVDQGDQDO\WLFVWRWKHGLIIHUHQWGHFLVLRQPDNLQJSKDVHV7KH³%LJ´LVK\SKHQDWHGEHFDXVHLWUHIHUV
WRWKHIROORZLQJWKUHHDVSHFWVDVEHLQJELJQRWRQO\WKHGDWDDQGDGGLWLRQDOO\PDSVWKHLQFRUSRUDWLRQRIWKHVHDVSHFWV
WRJHWKHU+HQFHWKHGDWDLVELJWKHDQDO\WLFVDUHELJDQGWKHUHVXOWLQJGHFLVLRQVDUHDOVRELJ7KRURXJKDQDO\VLVDQG
V\QWKHVLVRIUHOHYDQWOLWHUDWXUHLQYHVWLJDWLQJVWDWHRIWKHDUWWHFKQRORJLHVLQELJGDWDDQDO\WLFVDQGSUDFWLFHVKDYH
FRQWULEXWHGWRWKHGHYHORSPHQWRIRXUIUDPHZRUN+RZHYHUWKHIUDPHZRUNLVLQQRZD\LQFOXVLYHRIDOOWKHELJGDWD
WRROV WHFKQRORJLHV DQG DQDO\WLFV DQG UDWKHU VHUYHV DV D FRQFHSWXDOL]DWLRQRI VRPHRI WKHSRVVLEOH DSSURDFKHV WR
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DUHGHILQHGWKHFKRVHQGDWDLVDFTXLUHGDQGVWRUHGVLPLODUWRWKHDFTXLULQJSKDVHLQ)LVKHUHWDO¶VELJGDWD
SLSHOLQHDQG2UDFOH¶VLQWHJUDWHGLQIRUPDWLRQDUFKLWHFWXUH7KHDFTXLUHGGDWDFDQWKHQEHVWRUHGLQDQ\RIWKH
ELJGDWD VWRUDJH DQGPDQDJHPHQW WRROV7KHVH WRROV FDQ UDQJH IURP WUDGLWLRQDO'%06V VXFK DV WKHRSHQ VRXUFH
0\64/ RU 3RVWJUHV64/ WR (':V DQG FROXPQDU RU 033 GDWDEDVHV VXFK DV &DVVDQGUD 3$'% DQG 6$1'
$GGLWLRQDOO\DGLVWULEXWHGILOHV\VWHPOLNH+')6FDQEHXVHGIRUVWRULQJELJGDWDDVZHOODV1R64/GDWDEDVHVVXFK
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DV0RQJR'%&RXFK'%RU+%DVHZKLFKLVEXLOWRQWRSRI+')6,QWKHIUDPHZRUNWKHH[DPSOHVRIVSHFLILFVWRUDJH
WRROVDUHGHSLFWHGLQDVOLJKWO\GDUNHUEOXHFRORUWKDQWKHJHQHULFWHFKQRORJLHV
$IWHUWKHELJGDWDLVDFTXLUHGDQGVWRUHGLWLVWKHQRUJDQL]HGSUHSDUHGDQGSURFHVVHGDVLQWKHGDWDSUHSDUDWLRQ
SKDVHLQ(0&¶VGDWDDQDO\WLFVOLIHF\FOHWKHSURFHVVLQJDQGWUDQVIRUPDWLRQSKDVHVLQWKH.''SURFHVVDQG
WKHRUJDQL]LQJSKDVH LQ2UDFOH¶V  LQWHJUDWHG LQIRUPDWLRQDUFKLWHFWXUH7KLV LV DFKLHYHG DFURVVDKLJKVSHHG
QHWZRUNXVLQJ(7/(/7RUELJGDWDSURFHVVLQJWRROV+DGRRSDQG0DS5HGXFHDVZHOODVLQPHPRU\PDQDJHPHQW
FDQEHXVHGIRUGDWDSURFHVVLQJ0RUHRYHUWKHGDWDFDQEHTXHULHGDQGFRPSXWDWLRQVDQGSURFHVVLQJFDQEHDSSOLHG
XVLQJVHYHUDOGLIIHUHQWODQJXDJHVUDQJLQJIURP3LJDQG+LYHWR5IRUVWDWLVWLFDOFRPSXWLQJWR64/DQG64/+IRU
GLUHFWO\DFFHVVLQJ+DGRRSGDWD6XFKWRROVDORQJZLWKRWKHUVFDQHQDEOHELJGDWDGLVFRYHU\DQGSUHSDUDWLRQIRUWKH
GHVLUHGDQDO\VHV
6RPHYHQGRUVKDYHDOVRSURYLGHGDYDULHW\RIWRROVSODWIRUPVRUDSSOLDQFHVWRVXSSRUWELJGDWDDFURVVWKHVWRUDJH
DQGPDQDJHPHQWDVZHOODVWKHGLVFRYHU\DQGRUJDQL]DWLRQVWHSV7KHVHDOORZIRUDPRUHFRPSUHKHQVLYHELJGDWD
)LJ%'$')UDPHZRUN
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VROXWLRQZLWKPRUHIHDWXUHVLQDVLQJOHSDFNDJHUDWKHUWKDQKDYLQJWRPL[DQGPDWFKWHFKQRORJLHV([DPSOHVLQFOXGH
9HUWLFD*UHHQSOXP,%01HWH]]D7HUDGDWD$VWHUDQG6$3+$1$
7KHQH[WSKDVHLQWKHGHFLVLRQPDNLQJSURFHVVLVWKHGHVLJQSKDVHZKHUHSRVVLEOHFRXUVHVRIDFWLRQDUHGHYHORSHG
DQGDQDO\]HGWKURXJKDFRQFHSWXDOL]DWLRQRUDUHSUHVHQWDWLYHPRGHORIWKHSUREOHP7KHIUDPHZRUNGLYLGHVWKLVSKDVH
LQWRWKUHHVWHSVPRGHOSODQQLQJGDWDDQDO\WLFVDQGDQDO\]LQJ,QWKHPRGHOSODQQLQJVWHSDPRGHOIRUGDWDDQDO\WLFV
LVVHOHFWHGDQGSODQQHG7KLVLVVLPLODUWRWKHPRGHOSODQQLQJSKDVHLQ(0&¶VGDWDDQDO\WLFVOLIHF\FOHDVZHOO
DV WKHPRGHO VHOHFWLRQSKDVH LQ WKH.''SURFHVV ,Q WKLV VWHS WKHPRGHOV DQGDOJRULWKPVZKLFKDUH IRXQG WREH
DSSURSULDWHEDVHGRQWKHW\SHVRIGDWDDYDLODEOHDQGWKHDQDO\VHVRURXWSXWLQWHQGHGDUHVHOHFWHGDQGSODQQHGIRU$
YDULHW\RIVRPHRIWKHPRGHOVDQGDQDO\VHVZKLFKFDQEHFKRVHQDUHGHSLFWHGLQWKHIUDPHZRUN
7UDGLWLRQDO GDWD PLQLQJ DQG DGYDQFHG DQDO\WLFV WHFKQLTXHV VXFK DV FODVVLILFDWLRQ FOXVWHULQJ UHJUHVVLRQ DQG
DVVRFLDWLRQUXOHVFDQEHFKRVHQDORQJZLWKPDFKLQHOHDUQLQJDQG$,WHFKQLTXHVVXFKDVQHXUDOQHWZRUNVGHFLVLRQ
WUHHVDQGSDWWHUQEDVHGDQDO\WLFV0RUHRYHUWLPHVHULHVDQDO\VLVFDQEHXVHGIRUDQDO\]LQJVHTXHQFHVRIGDWDSRLQWV
ZKLFK UHSUHVHQW YDOXHV DW VXFFHVVLYH WLPHV )XUWKHUPRUH WH[W DQDO\VLV IURP GRFXPHQWV RU VRFLDO PHGLD VRFLDO
QHWZRUNDQDO\VLVDQGVHQWLPHQWDQDO\VLVFDQDOVREHVHOHFWHGLIWKHELJGDWDLVLQWKHIRUPRIWH[WRUZHDUHGHDOLQJ
ZLWKVRFLDOPHGLDGDWD$GGLWLRQDOO\JUDSKDQDO\VHVFDQEHXVHGIRUUHSUHVHQWLQJFRPSOH[QHWZRUNVDQGSDWKDQDO\VHV
FDQGHVFULEHGLUHFWHGGHSHQGHQFLHVDPRQJYDULDEOHV0RUHRYHUGHQVLW\EDVHGRUVSDWLDODQDO\VHVFDQEHDSSOLHGIRU
FOXVWHULQJGHQVHDUHDVRUGHDOLQJZLWKVSDWLDORUJHRJUDSKLFDOGDWDDQGFOLFNVWUHDPDQDO\VHVFDQEHXVHGIRUZHEGDWD
DQGDQDO\]LQJPRXVHFOLFNV
6XEVHTXHQWO\LQWKHGDWDDQDO\WLFVVWHSWKHVHOHFWHGPRGHOLVDSSOLHG,WPD\DOVREHDFFRPSDQLHGZLWK2/$3
DQG SUHGLFWLYH DQDO\WLFV FDQ EH IXUWKHU DSSOLHG WR DQDO\]H FXUUHQW DQG KLVWRULFDO GDWD DQG UHVXOWV VR DV WR PDNH
SUHGLFWLRQVDERXWWKHIXWXUH)XUWKHUPRUHLQPHPRU\DQDO\WLFVDQGSURFHVVLQJFDQEHXVHGZLWKELJGDWDLQRUGHUWR
HQKDQFHDQGVSHHGWKHDFFHVVWRDQGVFRULQJRIWKHDQDO\WLFPRGHOV6HYHUDODQDO\WLFDOWRROVDQGWHFKQRORJLHVFDQEH
XVHGLQWKLVVWHSVXFKDV+$1$*UHHQSOXP$VWHU.RJQLWLR5HYROXWLRQ5(QWHUSULVHZKLFKLVEXLOWXSRQWKH5
ODQJXDJH 7HUDGDWD:DUHKRXVH 0LQHU 7:0 0$'OLE 0DKRXW 5DSLG0LQHU 5DGRRS ZKLFK LV D 5DSLG0LQHU
H[WHQVLRQWKDWLQWHJUDWHVWKHGDWDDQDO\WLFVFDSDELOLWLHVRI+LYHDQG0DKRXWWRSURYLGHDGDWDDQDO\WLFVVROXWLRQIRU
+DGRRSDVZHOODV3HQWDKRZKLFKFDQSHUIRUPSUHGLFWLYHDQDO\WLFVDQG2/$3DQGFDQLQWHJUDWH+DGRRSDVZHOODV
1R64/DQGDQDO\WLFGDWDEDVHV
,QWKHDQDO\]LQJVWHSWKHRXWSXWRIWKHSUHYLRXVVWHSDQGWKHUHVXOWVRIWKHDQDO\WLFVDUHDQDO\]HGVLPLODUWRWKH
DQDO\]LQJVWHSLQ2UDFOH¶VLQWHJUDWHGLQIRUPDWLRQDUFKLWHFWXUH$FFRUGLQJO\WKHSRVVLEOHFRXUVHVRIDFWLRQWR
EHWDNHQDUHGHILQHG7KHVHFRXUVHVDUHWKHQFKRVHQIURPLQWKHIROORZLQJSKDVH
&RQVHTXHQWO\ WKH QH[W SKDVH LQ WKH GHFLVLRQPDNLQJ SURFHVV LV WKH FKRLFH SKDVHZKHUHPHWKRGV DUH XVHG WR
HYDOXDWHWKHLPSDFWVRIWKHSURSRVHGVROXWLRQVRUFRXUVHVRIDFWLRQIURPWKHGHVLJQSKDVH,QWKHIUDPHZRUNWKLV
SKDVHLVGLYLGHGLQWRWZRVWHSVHYDOXDWHDQGGHFLGH,QWKHHYDOXDWHVWHSZKLFKLVFRPSDUDEOHWRWKH.''SURFHVV¶
HYDOXDWLRQ LQ WKH LQWHUSUHWDWLRQHYDOXDWLRQVWHS WKHSURSRVHGFRXUVHVRIDFWLRQDQG WKHLU LPSDFWDUHHYDOXDWHGDQG
SULRULWL]HG7KLVFRXOGEHGRQHXVLQJUHSRUWLQJGDVKERDUGVVLPXODWLRQVRIWKHVROXWLRQVZKDWLIVFHQDULRVFRJQLWLYH
PDSVKHXULVWLFV.3,VDVZHOODVDGYDQFHGRULQWHUDFWLYHGDWDYLVXDOL]DWLRQ6RPHRIWKHELJGDWDYLVXDOL]DWLRQWRROV
DYDLODEOH LQFOXGH*HSKLZKLFK LVPDLQO\DJUDSKEDVHGYLVXDOL]HUDQGGDWDH[SORUHU3UHIXVH7DEOHDX4OLN9LHZ
6SRWILUH 6$69LVXDO $QDO\WLFV &HQWULIXJH -03 DQG $'9,=25 $GGLWLRQDOO\ 3HQWDKR DOVR SURYLGHV ELJ GDWD
YLVXDOL]DWLRQDVZHOODVUHSRUWLQJDQGGDVKERDUGIHDWXUHV
$FFRUGLQJO\WKHQH[WVWHSLQWKHFKRLFHSKDVHLVWRGHFLGHRQWKHEHVWFRXUVHRIDFWLRQVLPLODUWRWKHGHFLVLRQVWHS
LQ2UDFOH¶VLQWHJUDWHGLQIRUPDWLRQDUFKLWHFWXUH7KLVLVZKHUHWKHGHFLVLRQDFWXDOO\WDNHVSODFHEDVHGRQWKH
UHVXOWVRIHYDOXDWLQJWKHSRVVLEOHFRXUVHVRIDFWLRQDQGILQDOO\FKRRVLQJWKHEHVWRUPRVWDSSURSULDWHRQH
)LQDOO\WKHODVWSKDVHLQWKHGHFLVLRQPDNLQJSURFHVVLVWKHLPSOHPHQWDWLRQSKDVHZKHUHWKHSURSRVHGVROXWLRQ
IURPWKHSUHYLRXVSKDVHLVLPSOHPHQWHG,QWKLVVWHSWKHUHVXOWVRIWKHFKRLFHDUHRSHUDWLRQDOL]HGRUSXWWRDFWLRQDV
LQ WKH ODVWSKDVHRI(0&¶VGDWDDQDO\WLFV OLIHF\FOH+HQFHELJGDWD WRROVDQG WHFKQRORJLHVFDQEHXVHG LQ
PRQLWRULQJWKHUHVXOWVRIWKHGHFLVLRQDVZHOODVLQSURYLGLQJUHDOWLPHRUSHULRGLFDOIHHGEDFNRQWKHRXWFRPHVRIWKH
LPSOHPHQWDWLRQ
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3.2. Framework Evaluation: Retail Experiment 
$IWHUWKHGHYHORSPHQWRIWKH,7DUWLIDFWWKHIUDPHZRUNWKHQQHHGVWREHHYDOXDWHG7KHUHIRUHDQH[SHULPHQWDO
HYDOXDWLRQPHWKRGZDVFKRVHQLQRUGHUWRWHVWWKH%'$'IUDPHZRUN+HQFHDQLQVWDQWLDWLRQRIWKHIUDPHZRUNZDV
WDNHQDQGDSSOLHGWRDFWXDOGDWD0RUHRYHUVRPHRIWKHDYDLODEOHVROXWLRQVVXFKDV$VWHU&ORXGHUD+')67:0
5DSLG0LQHU3HQWDKR*HSKL7DEOHDXDQGVHYHUDO'%06VZHUHWHVWHGLQDODEH[SHULPHQWDQGWKHLQWHJUDWLRQDQG
IORZEHWZHHQYDULHWLHVRIWKHSURYLGHGWRROVZHUHH[DPLQHG
7KHH[SHULPHQWZDVSHUIRUPHGLQWKHDUHDRIUHWDLOLQRUGHUWRHYDOXDWHWKH%'$'IUDPHZRUN$FFRUGLQJO\WKH
GHFLVLRQGRPDLQLVWHVWLQJSURPRWLRQHIIHFWLYHQHVVDQGWKHLPSDFWRIVHQWLPHQWVDQGVRFLDOPHGLDRQVDOHV7KHUHIRUH
WKHGHFLVLRQZRXOGEHZKLFKSURGXFWVVKRXOGSURPRWLRQVEHRIIHUHGRQZKHQVKRXOGWKH\EHRIIHUHGDQGZKHWKHU
VRFLDOPHGLDPDUNHWLQJFDPSDLJQVDUHHIILFLHQWDQGVKRXOGEHIRFXVHGRQRUQRW%\DQDO\]LQJWKHDYDLODEOHGDWDDERXW
LWHPSXUFKDVHVDVZHOODVWKHIHHGEDFNDQGSRVWVRIFXVWRPHUVLQDGGLWLRQWRWKHLUUHVSRQVHWRVRFLDOPHGLDVXFK
NQRZOHGJHVKRXOGEHJDLQHGLQRUGHU WRVXSSRUWRXUGHFLVLRQV(DFKSKDVHRI WKHIUDPHZRUN LVHODERUDWHGEHORZ
+RZHYHUWKHLPSOHPHQWDWLRQSKDVHZDVQRWWHVWHGDVLQWKDWFDVHWKHGHFLVLRQZRXOGKDYHWRDFWXDOO\EHH[HFXWHG
DQGPRQLWRUHGRYHUWLPHZKLFKZRXOGQRWEHIHDVLEOHZLWKLQWKHVFRSHRIRXUH[SHULPHQW

1) Intelligence Phase: 
)LJ'DWD0RGHO
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,QWKHILUVWSKDVHRIWKHIUDPHZRUNWKHLQWHOOLJHQFHSKDVHWKHELJGDWDZKLFKZLOOEHXVHGQHHGVWREHFROOHFWHG,Q
WKLVH[SHULPHQWDPL[RIUHODWLRQDOGDWDVRFLDOPHGLDGDWDDQGWH[WLVXVHG7KHGDWDPRGHOLVVKRZQLQ)LJ,Q
RUGHUWRJHWUHODWLRQDOGDWDDERXWUHWDLOSXUFKDVHZHFKRVHRQHRIWKHODUJHVWK\SHUPDUNHWVLQ(J\SWWRDFTXLUHGDWD
IURPWKHLU3RLQWRI6DOHV326DQG(QWHUSULVH5HVRXUFH3ODQQLQJ(53V\VWHPV7KHK\SHUPDUNHWGHDOVZLWKPRUH
WKDQLWHPVDQGKDVWZRODUJHEUDQFKHVGLYLGHGLQWRGLIIHUHQWVHFWLRQV7KHQXPEHURIGDLO\YLVLWRUVFDQ
UHDFKDSSUR[LPDWHO\YLVLWRUV7KXVIRURXUH[SHULPHQWZHWRRNDVDPSOHRIWKHLU326DQG(53GDWDFRYHULQJ
WKHVL[PRQWKVIURP-DQXDU\WR-XQH+RZHYHUWKHGDWDZDVLQ$UDELFZKLFKPDGHLWYHU\GLIILFXOWWR
GHDOZLWKGXH WR WKHHQFRGLQJVRI WKH ILOHVDQG WKH UHFRUGV7KHGDWDZDV WKHQVWRUHG LQD7HUDGDWD'%06XVLQJ
7HUDGDWDORDGLQJWRROV
$VIRUWKHVRFLDOPHGLDGDWDZHQHHGHGFXVWRPHUSRVWVDQGFRPPHQWVIURPWKHK\SHUPDUNHW¶V)DFHERRNIDQSDJH
1RWZHHWVUHODWHGWRWKHK\SHUPDUNHWZHUHIRXQGRQ7ZLWWHU&RQVHTXHQWO\ZHXVHGWKH)DFHERRN$3,LQRUGHUWR
H[WUDFWWKHSRVWVDQGFRPPHQWVZLWKLQWKHWLPHGXUDWLRQRIWKHVDOHVGDWDZHKDYHDYDLODEOH$FFRUGLQJO\ZHJDWKHUHG
DQGVWRUHGWKHIDQSDJH¶VVWDWXVHVSRVWVDQGUHODWHGFRPPHQWVDQGWKHIDQV¶SRVWVDQGWKHLUFRPPHQWVIRUWKHVSHFLILHG
WLPHSHULRG

2) Design Phase: 
6XEVHTXHQWO\WKHVHFRQGSKDVHLQWKHIUDPHZRUNWHVWHGLQWKHH[SHULPHQWLVWKHGHVLJQSKDVH7KLVLVZKHUHWKH
PRGHO SODQQLQJ WDNHV SODFH DQG WKH UHODWLRQVKLSV ZKLFK QHHG WR EH LGHQWLILHG DUH GHILQHG ,Q RUGHU WR ILQG WKH
UHODWLRQVKLSVEHWZHHQWKHGLIIHUHQWUHWDLODWWULEXWHVZHKDYHVXFKDVWKHGLVFRXQWVDQGSXUFKDVHVVHYHUDOPRGHOVZHUH
SODQQHGIRU7KHPRGHOVDQGDQDO\VHVXVHGDUHEULHIO\GHVFULEHGEHORZ
a) Visualization Analysis: 
)LUVWRIDOOZHQHHGHGWRXQGHUVWDQGWKHGLVWULEXWLRQRIWKHGLVFRXQWVTXDQWLWLHVSXUFKDVHGDQGWKHWRWDOYDOXHRI
LWHPSXUFKDVHVDFURVVWKHGLIIHUHQWVHFWLRQVDQGEUDQFKHVDVZHOODVRYHUWKHVL[PRQWKWLPHSHULRGVRZHVWDUWHGE\
XVLQJ7DEOHDXIRUYLVXDOL]LQJWKHUHODWLRQVKLSV
7KURXJK YLVXDOL]DWLRQ ZH FRXOG VHH WKH K\SHUPDUNHW EUDQFKHV DQG GHSDUWPHQW VHFWLRQV ZLWK WKH PRVW VDOHV
GLVFRXQWV DQG SURILW DV ZHOO DV WKH EUDQFKHV 0RUHRYHU D WLPHVHULHV DQDO\VLV ZDV SHUIRUPHG WR YLVXDOL]H WKH
UHODWLRQVKLSEHWZHHQWKHGLVFRXQWVRIIHUHGTXDQWLWLHVVROGDQGWKHWRWDOYDOXHRIVDOHVDFURVVWKHJLYHQWLPHSHULRG
6RPHLQWHUHVWLQJLQIRUPDWLRQVXFKDVWKHSURGXFWVDQGWLPHVDIIHFWLQJWKHSHDNVDOHVDVZHOODVWKHLUUHODWLRQVKLS
ZLWKWKHSURPRWLRQVDQGGLVFRXQWVRIIHUHGDFURVVWLPHZDVH[WUDFWHG
b) Correlation and Regression Analysis: 
,QRUGHUWRIXUWKHUH[SORUHWKHUHODWLRQVKLSEHWZHHQWKHYDULDEOHVDFRUUHODWLRQDQDO\VLVZDVSHUIRUPHGRQ7:0
,Q WKH UHVXOWLQJFRUUHODWLRQPDWUL[ZH VDZ WKDW WKHYDULDEOHVZLWK WKHKLJKHVWFRUUHODWLRQ WR WKHGLVFRXQWVDUH WKH
TXDQWLW\ DQG WKH VDOHVYDOXHV0RUHRYHU ORJLVWLF UHJUHVVLRQZDVSHUIRUPHGRQ7:0 WRPHDVXUH WKH UHODWLRQVKLS
EHWZHHQZKHWKHURUQRWWKHUHLVDGLVFRXQWDQGWKHUHPDLQLQJLQGHSHQGHQWYDULDEOHV$FFRUGLQJO\WKHSUHGLFWLRQRI
KDYLQJDGLVFRXQWRUQRWZDVIRXQGWREHEDVHGRQQLQHLQGHSHQGHQWYDULDEOHVZKLFKZHUHGHWHUPLQHGWREHXVHGLQ
WKHPRGHO
c) Cluster Analysis:
6XEVHTXHQWO\DFOXVWHUDQDO\VLVZDVSHUIRUPHGLQRUGHU WRJURXSWKHLWHPVWRJHWKHUEDVHGRQWKHLUVLPLODULWLHV
DFFRUGLQJWRWKHGLVFRXQWV:HVWDUWHGE\XVLQJWKHFOXVWHUDQDO\VLVLQ7:0ZLWKNPHDQVEHLQJWKHFKRVHQDOJRULWKP
DQGWKHQXPEHURIFOXVWHUVEHLQJWZRVLQFHZHDUHIRFXVLQJRQZKHUHWRSURYLGHWKHGLVFRXQWVZKLFKKDYHWKH%RROHDQ
YDOXHVRIDQGQRGLVFRXQWDQGGLVFRXQW7KHFOXVWHULQJUHVXOWHGLQ³&OXVWHU´ZKLFKKDVRIWKHLWHPVDQG
³&OXVWHU´ZKLFKKDVRIWKHLWHPV
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$IWHUZDUGVFOXVWHULQJLVSHUIRUPHGZLWK:HNDXVLQJWKHVDPHNPHDQVDOJRULWKPZLWKWKHNDOVRHTXDOWRWZR
FOXVWHUV DFFRUGLQJ WR WKH FDWHJRULHV RI WKH GLVFRXQW 7KH FOXVWHUV DUH DOVR VFRUHG XVLQJ WKH FODVVHV WR FOXVWHUV
HYDOXDWLRQZKHUHWKHGLVFRXQWLVWKHFODVV$FFRUGLQJO\DIWHUWKHFOXVWHUPRGHOLVFUHDWHGIURPWKHWUDLQLQJGDWDLWLV
HYDOXDWHGE\DVVLJQLQJHDFKYDOXHRIWKHFODVVWRDFOXVWHUDQGHYDOXDWLQJWKHFRUUHFWQHVVRIFOXVWHULQJWKHSRLQWVEDVHG
RQZKHWKHUWKHGLVFRXQWYDOXHRIWKHSRLQWPDWFKHVWKDWRIWKHFODVVLWZDVFOXVWHUHGLQRUQRW+HUH³&OXVWHU´KDV
RIWKHLQVWDQFHVDQG³&OXVWHU´KDVRIWKHLQVWDQFHVZKLFKGLIIHUVIURPWKHUHVXOWVRI7:07KLVPD\EH
DV7:0XVHVWKH0DKDODQRELVGLVWDQFHLQFDOFXODWLQJWKHGLVWDQFHEHWZHHQWKHSRLQWVDQGWKHPHDQRIHDFKFOXVWHU
ZKLOHLQ:HNDWKH(XFOLGHDQGLVWDQFHZDVXVHG
)LJ  UHSUHVHQWV WKH YLVXDOL]DWLRQ RI WKH FOXVWHUHG LQVWDQFHV 7KH [D[LV UHSUHVHQWV WKH LWHP FRGH WKH \D[LV
UHSUHVHQWVWKHWRWDOYDOXHDQGWKHFRORUVUHSUHVHQWWKHGLVFRXQWFDWHJRU\7KHUHGSRLQWVDUHWKHRQHVWKDWZHUHDVVLJQHG
WR³&OXVWHU´ZKHUHWKH\VKRXOGQRWKDYHDGLVFRXQWZKLOHWKHEOXHSRLQWVDUHWKHRQHVWKDWZHUHDVVLJQHGWR³&OXVWHU
´ ZKHUH WKH\ VKRXOG KDYH D GLVFRXQW +RZHYHU GXH WR WKH FODVVHV WR FOXVWHUV HYDOXDWLRQ WKH VTXDUHV DUH WKH
LQFRUUHFWO\FOXVWHUHGLQVWDQFHVZKHUHWKHUHGVTXDUHVUHSUHVHQWWKHLWHPVWKDWDFWXDOO\GRKDYHDGLVFRXQWEXWZHUH
SXWLQWKHQRGLVFRXQWFOXVWHUZKLOHWKHEOXHVTXDUHVUHSUHVHQWWKHLWHPVWKDWGRQ¶WKDYHDGLVFRXQWEXWZHUHSXWLQ
WKHGLVFRXQWFOXVWHU7KXVSURPRWLRQVFRXOGEHSXWRQWKHEOXHVTXDUHV0RUHRYHUWKHHUURUVRULQFUHDVHLQWKHDPRXQW
RIUHGVTXDUHVPD\EHGXHWRWKHDVSHFWWKDWDERXWRIWKHSURPRWLRQLWHPVZKLFKWKHK\SHUPDUNHWGLVFRXQWVDUH
GHWHUPLQHGWKURXJKDSURPRWLRQSODQZLWKWKHVXSSOLHUVUDWKHUWKDQE\WKHK\SHUPDUNHWLWVHOI
$GGLWLRQDOO\E\FKDQJLQJWKHFOXVWHULQJDOJRULWKPZHFDQILQGGLIIHUHQWUHVXOWV6LQFHKDYLQJRQO\WZRFOXVWHUV
ZDVQRWYHU\UHSUHVHQWDWLYHZHFDQXVHWKH([SHFWDWLRQ0D[LPL]DWLRQ(0PHWKRGLQVWHDGRINPHDQV7KH(0
FOXVWHULQJPHWKRGJRHV WKURXJKHDFK LQVWDQFHDQGDVVLJQV LWZLWKDSUREDELOLW\GLVWULEXWLRQ LQRUGHU WR FKHFN WKH
SUREDELOLW\ RI WKDW LQVWDQFH EHORQJLQJ WR HDFK RI WKH FOXVWHUV 7KH QXPEHU RI FOXVWHUVZDV GHWHUPLQHG E\ FURVV
YDOLGDWLRQ7KHDOJRULWKPGLYLGHG WKHGDWD LQWR WHQGLIIHUHQW FOXVWHUVZKHUH WKHRYHUDOOSHUFHQWDJHVRI WKHFOXVWHU
GLVWULEXWLRQVDUHEDODQFHG
)LJUHSUHVHQWVWKHYLVXDOL]DWLRQRIWKHFOXVWHUHGLQVWDQFHVEDVHGRQWKH(0DOJRULWKP7KH[D[LVUHSUHVHQWVWKH
LWHPFRGH WKH\D[LV UHSUHVHQWV WKH WRWDOYDOXHDQG WKHFRORUV UHSUHVHQW WKH WHQFOXVWHUV$VZHFDQVHH WKHEOXH
³&OXVWHU´LQVWDQFHVKDYHDKLJKHULWHPFRGHWKHPDJHQWD³&OXVWHU´LQVWDQFHVKDYHDORZHUWRWDOYDOXHDQGWKHUHG
³&OXVWHU´LQVWDQFHVKDYHDKLJKHUWRWDOYDOXH
d) Association Analysis: 
7KHQH[WDQDO\VLVSHUIRUPHGRQWKHGDWDLVDVVRFLDWLRQUXOHPLQLQJLQRUGHUWRGLVFRYHULQWHUHVWLQJUHODWLRQVDQG
GHWHFW WKHPRVW FRPPRQ FRPELQDWLRQV EHWZHHQ WKHYDULDEOHV RIRXU GDWD:H ILUVW FRQYHUWHG WKH QXPHULFDO FRGH
DWWULEXWHVWRQRPLQDODWWULEXWHVDQGWKHQGLVFUHWL]HGWKHUHPDLQLQJQXPHULFDOYDULDEOHVXVLQJHTXDOIUHTXHQF\ELQQLQJ
LQRUGHUWRFRQYHUWWKHPWRFDWHJRULFDOYDULDEOHVIRUWKHDQDO\VLV&RQVHTXHQWO\ZHWKHQSHUIRUPHGDVVRFLDWLRQUXOH
PLQLQJ XVLQJ:HND DQG LWV$SULRUL DOJRULWKPZLWK WKH VSHFLILHGPLQLPXP VXSSRUW EHLQJ  DQG WKHPLQLPXP
FRQILGHQFHEHLQJ,IWKHVXSSRUWZDVUDLVHGWKHQQRUXOHVRIYDOXHZRXOGUHVXOW
&RQVHTXHQWO\VHYHUDOLQWHUHVWLQJUXOHVZHUHH[WUDFWHG)RUH[DPSOHLIWKHTXDQWLW\SXUFKDVHGLVORZWKHQWKHUHLV
QRGLVFRXQWZLWKDFRQILGHQFHRIDQGWKHEUDQFKLVWKHVHFRQGEUDQFKZLWKDFRQILGHQFHRI$GGLWLRQDOO\
WKH³&DQG\&KRFRODWH	*XP´VHFWLRQGRHVQ¶WKDYHDGLVFRXQWRQRIWKHSURGXFWV0RUHRYHULIWKHEUDQFKLV

)LJ.0HDQV&OXVWHULQJ9LVXDOL]DWLRQ )LJ(0&OXVWHULQJ9LVXDOL]DWLRQ
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WKHILUVWEUDQFKWKHQWKHUHLVQRGLVFRXQWRQWKHSURGXFWVRIWKHWLPHZKLOHLILWLVWKHVHFRQGEUDQFKWKHQLW
GRHVQ¶WKDYHDGLVFRXQWRQWKHSURGXFWVRIWKHWLPH)XUWKHUPRUHRIWKHWLPHLIWKHSXUFKDVHVDUHPDGHIURP
WKH³&RVPHWLFV´VHFWLRQWKHQWKH\ZHUHPDGHLQWKHILUVWEUDQFK0DQ\PRUHDVVRFLDWLRQUXOHVFDQEHH[WUDFWHGIURP
WKHUHVXOWVKRZHYHUZHFRXOGQRWH[WUDFWUXOHVEDVHGRQWKHSXUFKDVHVRIFHUWDLQLWHPVWRJHWKHURUSHUIRUPDPDUNHW
EDVNHWDQDO\VLVVLQFHWKHGDWDGLGQRW LQFOXGHLQGLYLGXDOVKRSSLQJFDUWSXUFKDVHVDQGZDVUDWKHUDJJUHJDWHGGDLO\
LQYRLFHV
e) Decision Tree: 
)LQDOO\DGHFLVLRQWUHHZDVEXLOWDVDW\SHRIFODVVLILFDWLRQDQDO\VLV7:0ZDVXVHGWREXLOGWKHWUHHPRGHOE\
VSOLWWLQJRQWKHJDLQUDWLR7KHGHSHQGHQWYDULDEOHFKRVHQZDVWKHERROHDQGLVFRXQWYDULDEOHZKLOHWKHLQGHSHQGHQW
YDULDEOHVZHUHWKHEUDQFKLWHPFRGHTXDQWLW\RIWKHLWHPSXUFKDVHGWKHVHFWLRQDQGVXSSOLHUFRGHRIWKHLWHPWKH
XQLWSULFHDQGWKHVDOHVDQGWRWDOYDOXHV7KHFRQIXVLRQPDWUL[RIWKHGHFLVLRQWUHHVKRZVWKDWWKHDFFXUDF\RIWKH
PRGHO LV KLJK ZLWK WKH SHUFHQWDJH RI FRUUHFW FODVVLILFDWLRQV EHLQJ  DQG WKH SHUFHQWDJH RI LQFRUUHFW
FODVVLILFDWLRQVEHLQJ$FFRUGLQJO\WKHUHVXOWLQJUXOHVIURPWKHGHFLVLRQWUHHVKRZHGWKHIDFWRUVWKDWDIIHFWWKH
GHFLVLRQRIZKHWKHURUQRWDQLWHPVKRXOGKDYHDGLVFRXQWRUQRW
f) Social Media Analysis & Text Mining: 
$IWHUZDUGVZHQHHGHGWRSHUIRUPWH[WPLQLQJRQWKH)DFHERRNGDWDWRDQDO\]HZKDWSHRSOHZHUHVD\LQJDERXWWKH
K\SHUPDUNHWDQGLWVSURGXFWVDVZHOODVWKHLUUHVSRQVHVWRWKHK\SHUPDUNHW¶VSRVWVDQGPDUNHWLQJ$FFRUGLQJO\ZH
QHHGHGWRILQGWKHPRVWIUHTXHQWZRUGVXVHGLQWKHSRVWVDVZHOODVWKHDVVRFLDWLRQVEHWZHHQWKHVHZRUGV+HQFHZH
FRXOGJDLQNQRZOHGJH DERXWZKDW VHQWLPHQWV SURGXFWVRUEUDQFKHVSHRSOHZHUHGLVFXVVLQJ DQGZKDW WKH\ZHUH
VD\LQJDERXWWKHP)RUH[DPSOHLIZHIRXQGWKDWSHRSOHZHUHIUHTXHQWO\GLVVDWLVILHGZLWKRUFRPSODLQLQJDERXWD
FHUWDLQSURGXFWRUWKH\ZHUHKDSS\ZLWKFHUWDLQSURPRWLRQWKLVNQRZOHGJHFDQEHDGGHGWRRXUSUHYLRXVPRGHOVLQ
RUGHUWRHQKDQFHRXUGHFLVLRQ
:HVWDUWHGE\XVLQJ5DSLG0LQHULQRUGHUWRSHUIRUPWKHWH[WPLQLQJ7KHSURFHVVVWDUWVE\UHDGLQJWKHGDWDIURP
WKHGDWDEDVHDQGVHOHFWLQJWKHGHVLUHGDWWULEXWHVIRUWKHDQDO\VLVDQGDSSHQGLQJWKHVHOHFWHGGDWDLQWRDQH[DPSOHVHW
$IWHUZDUGVWKHGDWDLVSURFHVVHGDVDGRFXPHQWZKHUHWKHWH[WLVWRNHQL]HGDQGDQRSHUDWRULVXVHGIRUILOWHULQJWKH
$UDELFVWRSZRUGVDQGUHPRYLQJWKHPIURPWKHGRFXPHQW1H[WWKHQJUDPVDUHJHQHUDWHGDQGWKHWRNHQVDUHILOWHUHG
E\OHQJWKWRUHPRYHWRRORQJRUWRRVKRUWWRNHQV$IWHUWKHGRFXPHQWSURFHVVLQJWKHQXPHULFDODQGQRPLQDODWWULEXWHV
QHHGWREHFRQYHUWHGWRELQRPLDOLQRUGHUWRSHUIRUPDVVRFLDWLRQUXOHPLQLQJ)LQDOO\WKH)3*URZWKDOJRULWKPLV
XVHGWRH[WUDFWWKHIUHTXHQWLWHPVHWVDQGDQRSHUDWRULVXVHGWRFUHDWHDVVRFLDWLRQUXOHV
+RZHYHUDIWHUVHYHUDOWULDOVRIGD\VRIUXQQLQJWKHSURFHVVQHYHUJRWSDVWWKH)3JURZWKRSHUDWRU7KHORQJHVWUXQ
WLPHZDVRYHUWZRGD\V\HWQRUHVXOWVZHUHFUHDWHG7KLVLVPRVWOLNHO\GXHWRWKH$UDELFODQJXDJHEHLQJLQ8QLFRGH
DQGEHLQJYHU\GLIILFXOW WRSURFHVV$GGLWLRQDOO\ WKH)3*URZWKRSHUDWRUPD\QRWEHDEOH WRZRUNSURSHUO\ZLWK
$UDELFWHUPV
2Q WKH RWKHU KDQG WKH UHVXOWV RI WKH GRFXPHQW SURFHVVLQJZHUH DQDO\]HGZKHUH WKH7HUP)UHTXHQF\,QYHUVH
'RFXPHQW)UHTXHQF\7),')DOJRULWKPJLYHVWKHUHODWLYHLPSRUWDQFHRIDZRUGWRDJLYHQGRFXPHQWFRPSDUHGWR
WKHLPSRUWDQFHRIWKDWZRUGWRDOORIWKHGRFXPHQWV$FFRUGLQJO\ZHFRXOGVHHWKHQXPEHURIRFFXUUHQFHVRIWKHPRVW
IUHTXHQWZRUGVLQWKH)DFHERRNSRVWVDQGFRPPHQWV)RUH[DPSOHVHYHUDOLQWHUHVWLQJZRUGVRFFXUUHGIUHTXHQWO\VXFK
DV³SURPRWLRQ´³TXDQWLW\´³YDOLGXQWLO´³ZKLOHJRRGVODVW´³RLO´³RIIHU´³JRRG´³VXJDU´³5DPDGDQEUDQFK´
³RUDQJHV´³EHDXWLIXO´³SULFHV´³)ULGD\´³ROLYHV´³ROLYHRLO´³ODYHQGHU´³NLOR´³ZDWHUPHORQ´³SRPHJUDQDWH´
³PDJD]LQH´HWF
g) Sentiment Analysis: 
1H[WZHSHUIRUPHGVHQWLPHQWDQDO\VLVRQ5DSLG0LQHULQRUGHUWRGLVFRYHUWKHSRVLWLYHDQGQHJDWLYHRSLQLRQVRI
WKHXVHUVRQWKHK\SHUPDUNHW¶V)DFHERRNSDJH:HVWDUWHGE\FUHDWLQJDVHWRIODEHOHGGDWDE\WDNLQJDVDPSOHRI
SRVWVDQGVWRULQJWKHPLQGRFXPHQWVLQGLIIHUHQWSRODULW\IROGHUVEDVHGRQZKHWKHUWKH\DUHSRVLWLYHRUQHJDWLYHSRVWV
7KH GRFXPHQWV DUH WKHQSURFHVVHG DQG WKHZRUGV DUH WRNHQL]HG ILOWHUHGE\ OHQJWK VWHPPHG XVLQJ OLJKW$UDELF
VWHPPLQJ DQG WKH$UDELF VWRSZRUGV DUH UHPRYHG$GGLWLRQDOO\ WKHZRUG YHFWRUV DUH SUXQHG WR JHW ULG RI YHU\
FRPPRQDQGYHU\LQIUHTXHQWWHUPVZKLFKRFFXUOHVVWKDQRURYHURIWKHWLPH6XEVHTXHQWO\DYHFWRUZRUGOLVW
LVFUHDWHGIURPWKHGDWDDQGVWRUHGDVZHOODVD1DwYH%D\HVFODVVLILFDWLRQPRGHOXVLQJFURVVYDOLGDWLRQ$FFRUGLQJO\
WKHGDWDLVGLYLGHGLQWRDWUDLQLQJVHWDQGDWHVWVHWDQGWKHPRGHOLVEXLOWXVLQJWKHWUDLQLQJVHWDQGLVWKHQDSSOLHGRQ
WKHWHVWVHWDQGLWVSHUIRUPDQFHLVPHDVXUHGE\HYDOXDWLQJLWVDFFXUDF\
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2XWRIWKHGRFXPHQWVZKLFKZHUHSUHGLFWHGWREHQHJDWLYHZHUHFRUUHFWO\FODVVLILHGDVQHJDWLYHOHDGLQJWR
DSUHFLVLRQRIDQGDUHFDOORIVLQFHDOORIWKHQHJDWLYHGRFXPHQWVZHUHFODVVLILHGDVQHJDWLYH2QWKH
RWKHUKDQGRXWRIWKHSRVLWLYHGRFXPHQWVGRFXPHQWVZHUHFODVVLILHGFRUUHFWO\UHVXOWLQJLQUHFDOOZKLOH
DOORIWKHGRFXPHQWVZKLFKZHUHSUHGLFWHGWREHSRVLWLYHDFWXDOO\ZHUHUHVXOWLQJLQSUHFLVLRQ7KHUHIRUHWKH
WRWDODFFXUDF\RIWKHPRGHOLV
1H[WWKHEXLOWPRGHOZDVDSSOLHGWRWKHXQODEHOHGSRVWVLQRUGHUWRFODVVLI\WKHPDVSRVLWLYHRUQHJDWLYH+RZHYHU
GHVSLWHWKLVEHLQJDWUDGLWLRQDODQGFRPPRQO\XVHGIRUPRIVHQWLPHQWDQDO\VLVLWZDVQRWYHU\SUDFWLFDOLQRXUFDVH,W
UHTXLUHV VWRULQJ HDFK SRVW LQ D VHSDUDWH GRFXPHQW DQGPDQXDOO\ ODEHOLQJ WKH SRVLWLYH DQG QHJDWLYH WUDLQLQJ VHW
0RUHRYHUDIWHUDSSO\LQJWKHPRGHODQGFODVVLI\LQJWKHGRFXPHQWVDVSRVLWLYHRUQHJDWLYHZHKDYHWRPDQXDOO\JR
EDFNWRWKHGRFXPHQWDQGRSHQLWWRVHHWKHSRVWWKDWZDVFODVVLILHG
$FFRUGLQJO\5HSXVWDWH LVDVHQWLPHQWDQDO\VLVDQGVRFLDOPHGLDDQDO\WLFVZHEVLWH ,WKDVDQ$3,IRUVHQWLPHQW
DQDO\VLVLQILYHGLIIHUHQWODQJXDJHVLQFOXGLQJ$UDELF%\XVLQJDWULDORI5HSXVWDWHRQWKHK\SHUPDUNHW¶V)DFHERRN
SDJHVHQWLPHQWDQDO\VLVZDVSHUIRUPHGRQWKHSRVWV$FFRUGLQJO\ZHFRXOGVHHWKHQHJDWLYHSRVWVZKLFKFDQEH
ILOWHUHGIRUH[DPSOHE\WLPHLQRUGHUWRVHHZKLFKWLPHVWKURXJKRXWWKHGD\PRVWRIWKHQHJDWLYHFRPPHQWVZHUH
SRVWHG)URPDVLPSOHYLVXDOL]DWLRQRIWKHQHJDWLYHSRVWVDORQJZLWKWKHXVHUVZKRSRVWHGWKHPZHFDQHDVLO\ILQG
RXWWKHSHRSOHZKRDUHFRPSODLQLQJDERXWSURGXFWVRUVHUYLFHVDVZHOODVWKHLUQHJDWLYHIHHGEDFNDQGRSLQLRQV)RU
H[DPSOHZHFDQVHHDXVHUSURYLGLQJIHHGEDFNRQWKHSRRUGHOLYHU\LQDGGLWLRQWRWKHSRVWWKDWWKHTXDOLW\RIWKH
VHFRQGEUDQFKLVZRUVHWKDQWKDWRIWKHILUVWEUDQFK
$GGLWLRQDOO\ZHZHUHDEOHWRYLHZWKHSRVLWLYHSRVWVZKLFKDUHILOWHUHGDFFRUGLQJWRWKHJHQGHURIWKHXVHUVZKR
SRVWHGWKHP)XUWKHUPRUHZHFDQYLHZWKHQHXWUDOSRVWVDQGWKHSRVWVFDQDOVREHILOWHUHGE\WKHGDWHRQZKLFKWKH\
DUHSRVWHGDVZHOODVE\WKHGHYLFHXVHGIRUSRVWLQJZKHWKHULWLVE\SKRQHRUE\RWKHUGHYLFHV)LQDOO\ZHFDQYLHZ
WKHQXPEHURISRVLWLYHRUQHJDWLYHSRVWVLQRUGHUWRPRQLWRUXVHUVHQWLPHQWVRYHUWLPHDQGWDNHDFWLRQVZKHQSRVWV
UHDFKDFHUWDLQOLPLWRQDGD\0RUHRYHUWKH5HSXVWDWHSURPRWHUVFRUHFDOFXODWHVKRZOLNHO\XVHUVDUHJRLQJWRVSHDN
SRVLWLYHO\DERXW WKHK\SHUPDUNHWZLWKEHLQJWKHEHVWVFRUHDQGEHLQJWKHZRUVWVFRUH$FFRUGLQJO\WKLVFDQ
DOORZIRUWDNLQJFRUUHFWLYHRUSUHYHQWLYHPHDVXUHVLQRUGHUWRLQFUHDVHSRVLWLYHSRVWVDQGUHGXFHQHJDWLYHSRVWV

3) Choice Phase: 
,QWKHFKRLFHSKDVHZHQHHGWRFKRRVHDSURSRVHGVROXWLRQIURPWKHUHVXOWVRIWKHSUHYLRXVSKDVHWKXVLQRXUFDVH
ZKHQRQZKDWLWHPVDQGWKURXJKZKLFKPHDQVWRSURYLGHSURPRWLRQV+RZHYHUZHGRQRWKDYHHQRXJKEDFNJURXQG
NQRZOHGJHRUGHWDLOVDERXWWKHK\SHUPDUNHW¶VIXQFWLRQVRU.3,VWRXVHWKHPIRUHYDOXDWLRQ7KHUHIRUHZHFKRVHWR
XVHYLVXDOL]DWLRQDVWKHPDLQPHDQVIRUWKHHYDOXDWLRQVWHSLQWKLVH[SHULPHQWDVLWZDVIRXQGWREHWKHPRUHYDOXH
DGGLQJPHWKRGLQRXUFDVH
0RUHRYHUHDFKRIWKHDQDO\VHVLQWKHSUHYLRXVSKDVHUHVXOWHGLQYLVXDOL]DWLRQVZKLFKFRXOGDGGLWLRQDOO\EHXVHG
IRUWKHFKRLFHSKDVH$GGLWLRQDOO\ZHFUHDWHGQHZYLVXDOL]DWLRQVLQWKLVSKDVHLQRUGHUWRVHHWKHUHODWLRQVKLSVEHWZHHQ
WKHGLIIHUHQWYDULDEOHVDVZHOODVWKHLUIOXFWXDWLRQRYHUWLPHHVSHFLDOO\GXULQJFHUWDLQSHULRGV0RUHRYHUWRDVVHVV
WKHLPSDFWRIVRFLDOPHGLDDGYHUWLVLQJRQFXVWRPHUSXUFKDVLQJZHWRRNSDUWLFXODULQVWDQFHVDVH[DPSOHV)RULQVWDQFH
7DEOHDXZDVXVHGWRYLVXDOL]HWKHPRUHHIIHFWLYHPHWKRGRISURPRWLRQIRUDFHUWDLQMXLFHLQDGGLWLRQWRWKHHIIHFWRI
FXVWRPHUSRVWVDQGRSLQLRQVRQRWKHUSXUFKDVHV
$GGLWLRQDOO\WKHXVHULQWHUDFWLRQVZLWKWKH)DFHERRNSRVWVRYHUWLPHZHUHDOVRYLVXDOL]HGVRWKDWZHFDQVHHWKH
)DFHERRNDFWLYLW\RIWKHXVHUVDQGIRFXVRQGD\VZLWKKLJKDFWLYLW\IRUDGGLQJSRVWVRUIRUDQDO\]LQJWKHXVHUEX]]
)XUWKHUPRUHZHFDQYLHZWKHQXPEHURIOLNHVDQGVKDUHVIRUHDFKSRVWDQGZHFDQXQGHUVWDQGWKHSRVWVZKLFKDUH
PRVWLQWHUHVWLQJWRXVHUVDVZHOODVWKHFRPPHQWVDQGIHHGEDFNZKLFKJUDEWKHLUDWWHQWLRQRUZKLFKWKH\VXSSRUW
0RUHRYHUWKHQXPEHURIOLNHVRQDSURPRWLRQSRVWSRUWUD\VXVHULQWHUHVWRUDSRVLWLYHRSLQLRQDERXWWKLVSDUWLFXODU
SURPRWLRQDQGODFNRIXVHULQWHUDFWLRQZLWKSRVWVFDQSRUWUD\GLVLQWHUHVW
7KHUHIRUHE\DQDO\]LQJWKHVDOHVRILWHPVDQGGLVFRXQWHGLWHPVRYHUWLPHDQGE\LQFRUSRUDWLQJWKHVHQWLPHQWVDQG
IHHGEDFNRIXVHUVZHZHUHDEOHWRGHWHUPLQHWKHHIIHFWLYHQHVVRIRQOLQHSURPRWLRQVDQGVHQWLPHQWVRQSXUFKDVLQJ
SDWWHUQVDVZHOODVGHWHUPLQHWKHGDWHVDQGLWHPVGXULQJDQGXSRQZKLFKSURPRWLRQVVKRXOGEHRIIHUHG
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3.3. Experiment Findings 
,QWKLVH[SHULPHQWLWZDVVKRZQWKDWZHFRXOGPDNHRXUGHFLVLRQRIZKDWLWHPVWRRIIHUSURPRWLRQVRQDQGZKHQ
DVZHOODVXVLQJVRFLDOPHGLDDVDFRQWH[WIRUPDUNHWLQJDQGLWVHIIHFWRQSXUFKDVLQJDQGJDLQLQJFXVWRPHUIHHGEDFN
0RUHRYHU RXU IUDPHZRUNZDV IROORZHG E\ XVLQJ WKHPDSSHG ELJ GDWD DQDO\WLFV WRROV DQGPHWKRGVZLWKLQ WKHLU
GHVLJQDWHGSKDVHVRIWKHGHFLVLRQPDNLQJSURFHVV$FFRUGLQJO\WKHELJGDWDZDVVWRUHGDQGSURFHVVHGWKHDQDO\WLFV
ZHUH SHUIRUPHG DQG WKH UHVXOWV ZHUH DQDO\]HG DQG WKH GHFLVLRQ PDNLQJ ZDV HQDEOHG DV ZHOO DV HQKDQFHG
)XUWKHUPRUHWKHGHFLVLRQZDVVXSSRUWHGE\DGGLWLRQDOLQIRUPDWLRQH[WUDFWHGGXHWRELJGDWDDQDO\WLFV2YHUDOOWKH
VWHSVRIWKHIUDPHZRUNZHQWVPRRWKO\DQGZHUHYDOXDEOHDQGLQVLJKWIXO7KHQHFHVVDU\PRGLILFDWLRQVDUHHODERUDWHG
EHORZ
+RZHYHU WKHUH ZHUH VWLOO VRPH OLPLWDWLRQV DQG GUDZEDFNV QRW UHODWHG WR WKH IUDPHZRUN IDFHG GXULQJ WKH
H[SHULPHQW7KHVHDUHPDLQO\GXHWRWKH$UDELFODQJXDJHEHLQJYHU\GLIILFXOWWRZRUNZLWK)LUVWRIDOOOLNHVHYHUDO
RWKHUODQJXDJHVLWLVGHEDWDEOHZKHWKHUDZRUGRUSKUDVHLVSRVLWLYHRUQHJDWLYHDQGLWGHSHQGVRQWKHFRQWH[WDQG
ZKHWKHUWKH$UDELFLVIRUPDORUVODQJ+RZHYHU$UDELFLVWRXJKHUWKDQRWKHUODQJXDJHVLQUHVSHFWWRWKHYDULHW\RI
IRUPVDURRWZRUGFDQWDNHEDVHGRQWKHWHQVHFRQWH[WDQGVHQWHQFHJUDPPDU$GGLWLRQDOO\WKHVDPHIRUPRIDZRUG
FDQKDYHVHYHUDOPHDQLQJV)RUH[DPSOHWKHZRUG³KHOZD´FDQEHDQRXQPHDQLQJFDQG\RUDQDGMHFWLYHGHVFULELQJ
WDVWHPHDQLQJVXJDU\RUVZHHWRUHYHQDQDGMHFWLYHPHDQLQJQLFHRUJUHDW7KHUHIRUHLQRXUFDVHIRUH[DPSOHZH
FDQQRWNQRZLIWKHLQWHQGHGXVDJHUHIHUVWRDQLWHPWKHWDVWHRIDQLWHPRUDQH[SUHVVLRQRIOLNLQJ6DDGDQG$VKRXU
KLJKOLJKWHGWKHFRPSOH[LW\RIWKH$UDELFODQJXDJHLQWKDWLWKDVDYHU\FRPSOH[PRUSKRORJ\DQGLWLVDKLJKO\
GHULYDWLRQDOODQJXDJHZLWKZLGHVSUHDGV\QRQ\PVDVZHOODVYDULDWLRQVLQWKHOH[LFDOFDWHJRU\ZKHWKHUQRXQYHUE
HWF LQ GLIIHUHQW FRQWH[WV0RUHRYHU WKH HQFRGLQJ RI WKH $UDELF FKDUDFWHUV SRVHV D SUREOHP DV LW KDV GLIIHUHQW
HQFRGLQJVDFFRUGLQJWRWKHPDFKLQHSODWIRUPDQGWH[WSUHSURFHVVLQJPLQLQJDQGLQIRUPDWLRQUHWULHYDOFDQOHDGWR
LQFRUUHFWUHVXOWVLIWKHHQFRGLQJLVQRWFRUUHFW)XUWKHUPRUHDVLQRXUWH[WPLQLQJFDVH$UDELFHQFRGLQJVDUHYHU\
GLIILFXOWLQSURFHVVLQJDQGPD\QRWEHVXSSRUWHGE\VHYHUDOWRROV
+RZHYHUGHVSLWHWKHFRPSOH[LW\ZHZHUHVWLOODEOHWRH[WUDFWVHYHUDOLPSRUWDQWLQVLJKWVIURPWKHVRFLDOPHGLD
DQDO\VLV$FFRUGLQJO\E\PHUJLQJWKHUHVXOWVRIWKHGLIIHUHQWDQDO\VHVZHFRXOGJDLQXQSUHFHGHQWHGLQVLJKWVXSRQ
ZKLFK WR EDVH RXU GHFLVLRQV:KLOHZHZHUH DEOH WR XQGHUVWDQG WKH UHODWLRQVKLSV EHWZHHQ WKH DWWULEXWHV VXFK DV
TXDQWLWLHVGLVFRXQWVWRWDOYDOXHVEUDQFKHVDQGVHFWLRQVIURPSHUIRUPLQJDQDO\WLFVRQWKHUHODWLRQDOGDWDRQLWVRZQ
LWZDVKLJKO\VXSSRUWHGE\WKH)DFHERRNSRVWVDQGFRPPHQWV2WKHUZLVHZHZRXOGQRWKDYHEHHQDEOHWRXQGHUVWDQG
WKHHIIHFWRIVRFLDOPHGLDRQWKHFXVWRPHUV¶SXUFKDVLQJSDWWHUQVDQGZHZRXOGKDYHYLHZHGWKHVSLNHVLQVDOHVDW
FHUWDLQWLPHVDIWHUSRVWLQJWKHRQOLQHSURPRWLRQVZLWKRXWXQGHUVWDQGLQJWKHXQGHUO\LQJUHDVRQV$GGLWLRQDOO\ZH
ZRXOGQRWRWKHUZLVHKDYHEHHQDEOHWRLQFRUSRUDWHWKHXVHUVHQWLPHQWVLQWRRXUGHFLVLRQVDQGXQGHUVWDQGKRZWKH\
IHHODERXWFHUWDLQVHUYLFHVSURPRWLRQVDQGLWHPV
5HVXOWV
)URPWKHH[SHULPHQWVHYHUDOREVHUYDWLRQVDQGHQKDQFHPHQWVUHJDUGLQJWKHIUDPHZRUNKDYHEHHQLGHQWLILHG)LUVW
RIDOODVSUHYLRXVO\VWDWHGLQ WKHIUDPHZRUNGHYHORSPHQWVHFWLRQ WKHIUDPHZRUNVHUYHVDVDFRQFHSWXDOL]DWLRQRI
VRPHRIWKHSRVVLEOHDSSURDFKHVWRSHUIRUPLQJELJGDWDDQDO\WLFVLQVXSSRUWRIWKHGHFLVLRQPDNLQJSURFHVV,WZDV
QRWLQWHQGHGWREHLQFOXVLYHRIDOOWKHELJGDWDWRROVWHFKQRORJLHVDQGDQDO\WLFV7KHUHDUHDOUHDG\VHYHUDORIWKHVH
DYDLODEOH DQG WKH\ DUH FRQVWDQWO\ LQFUHDVLQJ VR WKHUH FDQQRW EH D FRPSUHKHQVLYH OLVW RI DOO SRVVLEOH VROXWLRQV
$GGLWLRQDOO\VHYHUDOVROXWLRQVZKLFKDUHQRWUHOHDVHGDVELJGDWDWRROVFDQEHXVHGDVZHOOIRUFHUWDLQPHDQV,QRXU
H[SHULPHQWVDOWKRXJK:HNDLVQRWVWULFWO\VSHDNLQJDELJGDWDDQDO\WLFVWRRODQGLVUDWKHUDQRSHQVRXUFHPDFKLQH
OHDUQLQJWRROLWKDVVHYHUDOYHU\XVHIXODQGVLPSOHWRXVHIHDWXUHVDQGDQDO\VHV$FFRUGLQJO\LWLVQRWLQFOXGHGLQWKH
IUDPHZRUNDVDELJGDWDWRROKRZHYHULWZDVXVHGLQWKHH[SHULPHQWVIRUDGGLWLRQDONQRZOHGJHSHUVSHFWLYHVDQG
YLVXDOL]DWLRQV
0RUHRYHU LW ZDV IRXQG WKDW YLVXDOL]DWLRQ ZKLFK ZDV LQWHQGHG IRU XVH LQ WKH LQWHOOLJHQFH SKDVH GXULQJ GDWD
GLVFRYHU\DQGLQWKHFKRLFHSKDVHGXULQJHYDOXDWLQJWKHSRVVLEOHFRXUVHVRIDFWLRQZDVIRXQGWRVHUYHDVDQDQDO\VLV
RQ LWV RZQ LQ WKH GHVLJQSKDVH IURPZKLFK YDOXDEOH LQVLJKW FDQ EH H[WUDFWHG&RQVHTXHQWO\ZH FRXOG YLVXDOL]H
LPSRUWDQWUHODWLRQVKLSVEHIRUHKDQGWKDWFRXOGEHIXUWKHULQFRUSRUDWHGLQWRWKHDGGLWLRQDODQDO\VHVRUYLVXDOL]HWKH
UHVXOWVRIWKHDQDO\VHVIRUVLPSOHUDQGPRUHFRPSUHKHQVLYHXQGHUVWDQGLQJ$FFRUGLQJO\LWQHHGHGWREHDGGHGWRWKH
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GHVLJQSKDVHLQWKHIUDPHZRUN7KHVDPHJRHVIRUVWDWLVWLFVZKLFKZHUHLQWHQGHGWREHDSSOLHGLQWKHLQWHOOLJHQFH
SKDVHGXULQJGDWDGLVFRYHU\+RZHYHU LWZDVIRXQGWKDWVWDWLVWLFDODQDO\VHVFDQEHXVHGLQ WKHGHVLJQSKDVHDVD
PRGHORUDIRUPRIDQDO\VLVRQLWVRZQRULQWHJUDWHGZLWKWKHRWKHUDQDO\VHV+HQFHLQWKHGDWDDQDO\WLFVVWHSQRW
RQO\SUHGLFWLYHDQDO\WLFVFDQEHXVHGWRYDOXHDQGJDLQLQVLJKWEXWGHVFULSWLYHDQDO\WLFVDVZHOOFDQEHDSSOLHG
)XUWKHUPRUHLWZDVIRXQGWKDWWKHUHGRHVQRWQHHGWREHWZRGLIIHUHQWVWHSVLQWZRGLIIHUHQWSKDVHVIRUDQDO\]LQJ
DQGHYDOXDWLQJWKHUHVXOWVRIWKHELJGDWDDQDO\WLFVDQGWKDWWKH\FDQUDWKHUEHPHUJHGLQWRDVLQJOHVWHSIRUVLPSOLFLW\
$GGLWLRQDOO\WKHDQDO\]LQJDQGHYDOXDWLRQVKRXOGEHRQWKHDQDO\WLFVLWVHOIDQGUHODWLQJLWWRWKHGHFLVLRQGRPDLQ
UDWKHUWKDQRQWKHSRVVLEOHFRXUVHVRIDFWLRQ7KLVLVGXHWRWKHDVSHFWWKDWDIWHUWKHDQDO\WLFVDUHSHUIRUPHGWKHUHVXOWV
DUHDQDO\]HGLQRUGHUWRJDLQLQVLJKWVZKLFKFDQDGGYDOXDEOHNQRZOHGJHDQGDLGLQPDNLQJWKHQHFHVVDU\GHFLVLRQ
+RZHYHULWLVQRWDOZD\VWKHFDVHLQZKLFKWKHEHVWVFHQDULRZRXOGEHWRILUVWGHILQHWKHSRVVLEOHFRXUVHVRIDFWLRQ
DQGWKHQHYDOXDWHHDFKRQHLQRUGHUWRVHOHFWWKHEHVWRQHLQWKHGHFLVLRQ6RPHWLPHVWKHUHDUHWRRPDQ\SRVVLEOH
FRXUVHVRUWKHVHSRVVLEOHFRXUVHVDUHNQRZQEHIRUHKDQG
$OVRELJGDWDDQDO\WLFVGLIIHUVIURPWKHWUDGLWLRQDOPRUHVWUXFWXUHGPHWKRGRIILQGLQJDEXVLQHVVSUREOHPJHWWLQJ
GDWDDQGDQDO\]LQJ LWDQGUDWKHUJRHVIRUDPRUHXQVWUXFWXUHGDSSURDFKZKHUHZH WU\ WRJDWKHUDOO VRUWVRIGDWD
SHUIRUPDQDO\VHVWRH[WUDFWZKLFKHYHUNQRZOHGJHDQGLQIRUPDWLRQZHFDQRXWRILWDQGDFFRUGLQJO\VHHKRZZHFDQ
DSSO\WKHVHXQSUHFHGHQWHGLQVLJKWVDQGKRZWKH\FDQKHOSLQRXUGHFLVLRQGRPDLQ7KHUHIRUHZHGRQRWDOZD\VKDYH
WRNQRZWKHGHFLVLRQZKLFKZLOOEHPDGHEHIRUHKDQGDQGWKLVFDVHQHHGVWREHVXSSRUWHGE\WKHIUDPHZRUN7KXV
ERWKDQDO\]LQJDQGHYDOXDWLQJVKRXOGEHPHUJHGLQWRDVLQJOHVWHSZKHUHHLWKHURQHRUERWKFRXOGEHDSSOLHGRQWKH
UHVXOWVRIWKHDQDO\VHV
$GGLWLRQDOO\ZKLOVWWKHIUDPHZRUNLVQRWLQWHQGHGWREHDWRROIRUPDNLQJWKHRSWLPDOVWUXFWXUHGDQGLQIRUPHG
GHFLVLRQVLWLVDFRQFHSWXDOL]DWLRQRIPDSSLQJWKHGLIIHUHQWWRROVWRWKHGHFLVLRQPDNLQJSURFHVVDQGKRZELJGDWD
DQDO\WLFVFDQEHXVHGIRUGHFLVLRQVXSSRUW0RUHRYHUWKHIUDPHZRUNZDVIRXQGWREHDVRPHZKDWPRUHIOH[LEOHRU
LWHUDWLYHSURFHVVUDWKHUWKDQVHTXHQWLDO$FFRUGLQJO\ZHVKRXOGEHDEOHWRPRYHEDFNDQGIRUWKEHWZHHQWKHSKDVHV
DQG VWHSV 6LQFH DV SUHYLRXVO\ VWDWHG ELJ GDWD DQDO\WLFV LV QRW YHU\ SUHGLFWDEOH EHIRUHKDQG DQGPD\ IROORZ DQ
XQVWUXFWXUHGDSSURDFKZKHUHZHGRQRWNQRZLQDGYDQFHWKHGHFLVLRQWREHPDGHLWPDNHVVHQVHWRKDYHWRJREDFN
WRSULRUVWDJHVDWWLPHV)RUH[DPSOHZKLOHSHUIRUPLQJWKHDQDO\VHVLQWKHGHVLJQSKDVHZHPLJKWILQGWKDWZHQHHG
PRUHGDWDRIGLIIHUHQW WRHQKDQFHRXUPRGHOVRUDGGDGGLWLRQDONQRZOHGJH7KXV WKHIUDPHZRUNVKRXOGDOORZIRU
IOH[LELOLW\EHWZHHQPRYLQJEDFNDQGIRUWKWKURXJKWKHVWHSV
&RQFOXVLYHO\WKHILQGLQJVRIWKHH[SHULPHQWZHUHLQFRUSRUDWHGLQWRWKHPRGLILHGIUDPHZRUN7KHQHZWHVWHG%
'$' IUDPHZRUN LV VKRZQ LQ)LJ $V GHSLFWHG WKH LQWHOOLJHQFHSKDVH LV WKH VDPHZLWKRXW DQ\PRGLILFDWLRQV
+RZHYHU WKHGHVLJQSKDVHQRZRQO\ LQFOXGHV WKHPRGHOSODQQLQJDQG WKHELJGDWDDQDO\WLFV VWHSV6WDWLVWLFV DQG
YLVXDOL]DWLRQKDYHDOVREHHQDGGHGDVDQDO\VHV0RUHRYHUGHVFULSWLYHDQDO\WLFVKDVEHHQDGGHGWRWKHDQDO\WLFVVWHS
)XUWKHUPRUHWKHDQDO\]LQJDQGHYDOXDWLQJVWHSVKDYHEHHQPHUJHGLQWRDVLQJOHVWHSLQWKHFKRLFHSKDVH+HUHWKH
VWHSGRHVQRWUHIHUWRDQDO\]LQJDQGHYDOXDWLQJWKHSRVVLEOHFRXUVHVRIDFWLRQEXWUDWKHUDQDO\]LQJWKHUHVXOWVRIWKH
1083 Nada Elgendy and Ahmed Elragal /  Procedia Computer Science  100 ( 2016 )  1071 – 1084 
SULRUDQDO\VHVDQGHYDOXDWLQJWKHLULPSDFWRQWKHGHFLVLRQGRPDLQ)LQDOO\WZRVLGHGDUURZVKDYHEHHQDGGHGEHWZHHQ
WKHSKDVHVWRUHSUHVHQWWKHIOH[LELOLW\RIPRYLQJEDFNDQGIRUWKWKURXJKRXWWKHIUDPHZRUN
&RQFOXVLRQ
,QWKLVUHVHDUFKZHKDYHH[DPLQHGWKHLQQRYDWLYHWRSLFRIELJGDWDZKLFKKDVUHFHQWO\JDLQHGORWVRILQWHUHVWGXH
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